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(54) Electric vehicle power conversion system

(57) A power conversion system includes a controller
to control discharge of a smoothing condenser based on
at least one signal received through an input. The at least
one signal indicates a failure of a discharge circuit con-
figured to discharge the smoothing condenser The con-

troller controls discharge of stored charge in the smooth-
ing condenser through parasitic resistance components
of a power system which includes the smoothing con-
denser. The power conversion system may be used with
an electric vehicle.
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Description

BACKGROUND

1. Field

[0001] The invention relates to an electric vehicle pow-
er conversion system.

2. Description of the Related Art

[0002] Various types of power conversion systems
have been developed for electric vehicles. One type of
power conversion system performs a retrogressive op-
eration, which involves boosting a DC voltage from a
main power supply, converting the DC voltage to an AC
voltage, and outputting the AC voltage to a motor gen-
erator. This system may also perform a regenerative op-
eration, which involves supplying regenerative power of
the motor generator to the main power supply, auxiliary
devices (e.g., electric power steering, an air conditioner,
an ECU, etc.) of an electric vehicle, and/or a DC auxiliary
power supply.
[0003] In such a system, when power conversion stops
(e.g., as a result of an off-operation of an ignition key, a
fault, or a vehicle collision or other accident), charges
stored in a smoothing condenser, installed between elec-
trodes located between a main circuit, may be forcibly
(e.g., actively) discharged within a predetermined time.
This forced discharge is performed so that an inter-ter-
minal voltage of the smoothing condenser decreases to
a safe voltage level.
[0004] In order to perform this operation, the switch
element of a discharge circuit may be turned on to forcibly
discharge the stored charges of the smoothing condens-
er through a resistor. However, when the discharge cir-
cuit fails, the forced discharge of the smoothing condens-
er is not performed and the inter-terminal voltage of the
smoothing condenser may maintain an unsafe, high-volt-
age level, even after the predetermined time has elapsed.

SUMMARY

[0005] The present invention sets out to provide a so-
lution to the above-mentioned problems of the prior art.
[0006] In accordance with one embodiment of the in-
vention, an electric vehicle power conversion system in-
cludes a motor driving power system to output a DC volt-
age from a DC main power supply to a motor generator
through an inverter circuit; and a control circuit to control
the motor driving power system, wherein: the motor driv-
ing power system is to connect a smoothing condenser
for smoothing the DC voltage, a resistor, and a semicon-
ductor switch element in series, the motor driving power
system includes an exclusive discharge circuit to dis-
charge stored charge from the smoothing condenser, the
control circuit includes a discharge controller to simulta-
neously turn on a first set of upper and lower arms when

a failure of the exclusive discharge circuit is detected,
the upper and lower arms including power semiconduc-
tors of the inverter circuit, and the discharge controller to
discharge the stored charge from the smoothing con-
denser through parasitic resistance components of the
upper and lower arms.
[0007] The discharge controller may detect the failure
of the exclusive discharge circuit depending on whether
or not an inter-terminal voltage of the smoothing con-
denser is able to be discharged to a target voltage within
a predetermined time.
[0008] The motor driving power system may output the
DC voltage from the DC main power supply to the motor
generator through a voltage booster circuit and the in-
verter circuit; the discharge controller may simultaneous-
ly turn on a second set of upper and lower arms when a
failure of the exclusive discharge circuit is detected, the
first set of upper and lower arms including serial-connect-
ed power semiconductors of the voltage booster circuit,
or to simultaneously turn on the first set of upper and
lower arms including power semiconductors of the invert-
er circuit, and the discharge controller may discharge the
stored charge from the smoothing condenser through
parasitic resistance components of the second set of up-
per and lower arms of the voltage booster circuit or the
first set of upper and lower arms of the inverter circuit.
[0009] The smoothing condenser may include a first
smoothing condenser between the DC main power sup-
ply and the voltage booster circuit, and a second smooth-
ing condenser between the voltage booster circuit and
the inverter circuit.
[0010] In accordance with another embodiment, an ap-
paratus includes an input coupled to a circuit; and a con-
troller to control discharge of a smoothing condenser
based on at least one signal received through the input,
the at least one signal indicating failure of a discharge
circuit configured to discharge the smoothing condenser,
the controller to control discharge of stored charge in the
smoothing condenser through parasitic resistance com-
ponents of a power system which includes the smoothing
condenser.
[0011] The failure of the discharge circuit may prevent
the discharge circuit from discharging the smoothing con-
denser. The input may be an input of the controller. The
controller may detect the failure from the signal when an
inter-terminal voltage of the smoothing condenser is un-
able to be discharged to a target voltage within a prede-
termined time. The parasitic resistance components may
be included in a voltage booster circuit.
[0012] The controller may control discharge of the
stored charge in the smoothing capacitor independently
from the discharge circuit having the failure. The control-
ler may control discharge of the stored charge in the
smoothing capacitor along a signal path that bypasses
the discharge circuit. The power system may be a motor
driving power system of a vehicle. The circuit may be a
detector or an inverter.
[0013] In accordance with another embodiment, an ap-
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paratus includes a first discharge circuit; a second dis-
charge circuit; and a controller to control discharge of a
charge storage device through one of the first discharge
circuit or the second discharge circuit, wherein the con-
troller is to control discharge of the charge storage device
through the first discharge circuit when the first discharge
circuit does not have a failure and is to control discharge
of the charge storage device through the second dis-
charge circuit when the first discharge circuit has a failure,
and wherein the charge storage device is discharged
through the second discharge circuit along a path that
bypasses the first discharge circuit.
[0014] The charge storage device may be a smoothing
condenser. The controller may determine that the second
discharge circuit has a failure when an inter-terminal volt-
age of the smoothing condenser is unable to be dis-
charged through the first discharge circuit to a target volt-
age within a predetermined time.
[0015] The second discharge circuit may include par-
asitic resistance components of a power system, and the
charge storage device may be discharged through the
parasitic resistance components of the second discharge
circuit when the first discharge circuit has a failure. The
parasitic resistance components may be included in a
voltage booster circuit.
[0016] The controller may detect the failure of the first
discharge circuit when an inter-terminal voltage of the
smoothing condenser is unable to be discharged to a
target voltage within a predetermined time. The charge
storage device may be coupled to a motor of an electric
vehicle.
[0017] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the invention will be made
more apparent to those of skill in the art by describing
them in detail with reference to the attached drawings in
which:

FIG. 1 illustrates an embodiment of an electric vehi-
cle power conversion system;
FIG. 2 illustrates an embodiment of a discharge proc-
ess performed by a discharge controller;
FIG. 3 illustrates an embodiment of a discharge proc-
ess through an auxiliary device power system;
FIG. 4 illustrates a discharge process through one
type of exclusive discharge circuit; and
FIG. 5 illustrates an embodiment including a plurality
of voltage booster circuits connected in parallel.

DETAILED DESCRIPTION

[0019] Embodiments of the invention are described
more fully hereinafter with reference to the accompany-
ing drawings; however, the invention may be embodied
in different forms and should not be construed as limited

to the embodiments set forth herein. Rather, these em-
bodiments are provided so that this disclosure will be
thorough, and convey implementations thereof to those
skilled in the art.
[0020] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
It will also be understood that when a layer or element is
referred to as being "on" another layer or substrate, it
can be directly on the other layer or substrate, or inter-
vening layers may also be present. Further, it will be un-
derstood that when a layer is referred to as being "under"
another layer, it can be directly under, and one or more
intervening layers may also be present. In addition, it will
also be understood that when a layer is referred to as
being "between" two layers, it can be the only layer be-
tween the two layers, or one or more intervening layers
may also be present. Like reference numerals refer to
like elements throughout.
[0021] Also, when it is described that an element is
"coupled" to another element, the element may be "di-
rectly coupled" to the other element or "electrically cou-
pled" to the other element through a third element.
[0022] FIG. 1 illustrates an embodiment of a power
conversion system 100, which, for example, may be in-
stalled in an electrically driven vehicle, such as a hybrid
vehicle or an electric vehicle. The power conversion sys-
tem may retrogressively or regeneratively drive a motor
generator 5. a parallel or split-type (serial-parallel type)
or a serial type may be used as a type of the hybrid vehicle
using the motor generator 5.
[0023] The power conversion system 100 performs a
retrogressive operation and a regenerative operation.
The retrogressive operation involves boosting a DC volt-
age from a DC main power supply 2 through a voltage
booster circuit 3, converting the DC voltage into a three-
phase AC voltage through an inverter circuit 4, and then
outputting the AC voltage to the motor generator 5. The
regenerative operation involves supplying regenerated
power from the motor generator 5 through the inverter
circuit 4 and the voltage booster circuit 3 to the DC main
power supply 2, an auxiliary device 6, and/or a DC aux-
iliary power supply 7.
[0024] For example, the power conversion system 100
may include the DC main power supply 2 (e.g., a 48 V
lithium-ion battery), electrical circuit switches (e.g., DC
contactors) 8 for closing/opening electrical circuits re-
spectively connected to output terminals of the DC main
power supply 2, a first smoothing condenser (e.g., DC
link condenser) 9 between the switches 8, an auxiliary
device power system S1 connected via the first smooth-
ing condenser 9 and supplying power to each of auxiliary
devices 6 of the vehicle (e.g., electrically-controlled pow-
er steering, an air-conditioner, an ECU) and the DC aux-
iliary power supply 7 (e.g., a 12 V/24 V battery), and a
motor driving power system S2 connected in parallel with
the auxiliary device power system S 1 via the first smooth-
ing condenser 9 and configured to retrogressively or re-
generatively drive the motor generator 5. The first
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smoothing condenser 9 may be included in the motor
driving power system S2.
[0025] The auxiliary device power system S1 includes
a DC/DC converter 10. The respective auxiliary devices
6 and the DC auxiliary power supply 7 are connected in
parallel at output terminals of the DC/DC converter 10.
[0026] The motor driving power system S2 includes
the voltage booster circuit 3 for voltage-converting the
DC voltage from the DC main power supply 2. The in-
verter circuit 4 converts a DC voltage output from the
voltage booster circuit 3 to an AC voltage for output to
the motor generator 5.
[0027] The voltage booster circuit 3 includes power
semiconductors 31a and 31b (e.g., an IGBT, a MOSFET,
etc.), a reactor 32, and a second smoothing condenser
33. The voltage booster circuit 3 includes upper and lower
arms 31a and 31b that include serial-connected power
semiconductors. A positive terminal of the inverter circuit
4 is connected to a semiconductor terminal (e.g., a col-
lector terminal or drain terminal) of the upper arm 31a. A
negative terminal of the DC main power supply 2 is con-
nected to a semiconductor terminal (e.g., an emitter ter-
minal or source terminal) of the lower arm 31b.
[0028] The second smoothing condenser 33 is con-
nected between the semiconductor terminals of the up-
per and lower arms 31a and 31b. The smoothing con-
denser 33 may be connected in parallel with the upper
and lower arms 31a and 31b at output terminals of the
voltage booster circuit 3.
[0029] One terminal of the reactor 32 is connected be-
tween the other terminal of the upper arm 31a (emitter
terminal or source terminal) and the other terminal of the
lower arm 31 b (collector terminal or drain terminal), e.g.,
at a serial connection point therebetween. The other ter-
minal the reactor 32 may be connected to the positive
terminal of the DC main power supply 2. Alternatively,
the upper and lower arms 31a and 31b of the voltage
booster circuit 3 may be configured such that free-wheel-
ing diodes are inversely connected in parallel.
[0030] The voltage booster circuit 3 is provided with a
driving circuit 34 for driving the upper and lower arms
31a and 31b. The driving circuit 34 allows the upper and
lower arms 31a and 31b to be alternately switched based
on a predetermined duty ratio, such that the reactor 32
is charged and discharged to deliver power in a retro-
gressive (boosting) direction or regenerative (bucking)
direction. The driving circuit 34 receives a driving com-
mand signal (control signal) from a control circuit 11.
[0031] The second smoothing condenser 33 is in-
stalled in the voltage booster circuit 3 and functions as a
smoothing condenser at input terminals of the inverter
circuit 4. For example, the second smoothing condenser
33 is commonly used by the voltage booster circuit 3 and
the inverter circuit 4.
[0032] The inverter circuit 4 includes three-phase
bridge circuits 4u, 4v, and 4w and a driving circuit 42.
The three-phase bridge circuits 4u, 4v, and 4w include
serial-connected upper and lower arms 41a and 41b con-

nected in parallel. The driving circuit 42 drives the upper
and lower arms 41a and 41b of respective ones of the
bridge circuits 4u, 4v, and 4w.
[0033] The upper and lower arms 41a and 41b include
power semiconductors such as an IGBT, a MOSFET,
etc. The driving circuit 42 receives a driving command
signal (control signal) from a control circuit 11. The aux-
iliary device power system S1 and the motor driving pow-
er system S2 are controlled by the control circuit 11.
[0034] To perform the retrogressive/regenerative pow-
er control required for operation of the electric vehicle,
the control circuit 11 generates driving command signals
for each power semiconductor, while taking an optimal
power linkage to the voltage booster circuits 3 and the
inverter circuit 4 based on a required operation command
from an overall controller (e.g., upper ECU). The control
circuit 11 may transfer the driving command signals for
the corresponding power semiconductor to each driving
circuit as a switching command.
[0035] Accordingly, power conversion system 100 per-
forms a retrogressive operation of boosting the DC volt-
age of the DC main power supply 2 through the voltage
booster circuit 3, converting the DC voltage to an AC
voltage through the inverter circuit 4, and outputting the
AC voltage to the motor generator 5. The power conver-
sion system 100 performs a regenerative operation of
supplying the regenerative power of the motor generator
5 to the DC main power supply 2, the auxiliary device 6
of the vehicle, and the DC auxiliary power supply 7 via
the inverter circuit 4 and voltage booster circuit 3.
[0036] The control circuit 11 may be configured to be
physically divided to respectively correspond to the volt-
age booster circuit 3 and the inverter circuit 4, or may be
commonly used and integrally formed to reduce the
number of parts for cost reduction.
[0037] In the power conversion system 100 of the
present embodiment, the motor driving power system S2
includes an exclusive discharge circuit 12 for discharging
stored charges from each of the smoothing condensers
9 and 33. Reference numeral 15 illustrated in FIG. 1 re-
fers to a self-discharge resistor.
[0038] The exclusive discharge circuit 12 connects a
resistor 121 and a semiconductor switch element 122
(e.g., an IGBT, a MOSFET, etc.) in series, and is dis-
posed between main circuit electrodes of the power con-
version system 100 while being connected therebe-
tween. For example, the exclusive discharge circuit 12
may be disposed between the voltage booster circuit 3
and the inverter circuit 4, and may be installed between
the main circuit electrodes while being connected there-
between.
[0039] The exclusive discharge circuit 12 includes a
driving circuit 123 for driving the semiconductor switch
element 122. The driving circuit 123 turns on the semi-
conductor switch element 122 to perform a discharge
function of the exclusive discharge circuit 12. Also, the
driving circuit 122 receives a driving command signal
(control signal) from the control circuit 11.
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[0040] The control circuit 11 of the present embodi-
ment includes a discharge controller 111 for discharging
the stored charges from the smoothing condensers 9 and
33 through the exclusive discharge circuit 12 or voltage
booster circuit 3. The control circuit 11 may be an exclu-
sive or general purpose computer circuit including a CPU,
a memory, an I/O interface, an AD converter, etc., and
may control the functions of the discharge controller 111
depending on a control program stored in a memory.
[0041] For example, the discharge controller 111 may
perform a fault detection function for detecting the fault
of the exclusive discharge circuit 12. The discharge con-
troller 111 may change the discharge circuit for the stored
charges in the smoothing condensers 9 and 33 to the
exclusive discharge circuit 12 and the voltage booster
circuit 3, depending on whether a fault of the exclusive
discharge circuit 12 occurs.
[0042] In terms of signaling, the discharge controller
111 may receive a signal indicating a halt of the power
conversion system 100 (e.g., an inverter halt signal indi-
cating a halt of the inverter circuit 4), may simultaneously
receive a switch-off signal indicating an off-state
(blocked) of the electrical switch 8, and may start a dis-
charge process of the smoothing condensers 9 and 33.
[0043] The discharge controller 111 receives a first
voltage detection signal from a first voltage detector 13
located between the electrical circuit switches 8 and the
voltage booster circuit 3. The first voltage detector 13
detects an inter-terminal voltage of the first smoothing
condenser 9.
[0044] Simultaneously, the discharge controller 111
receives a second voltage detection signal from a second
voltage detector 14 located between the voltage booster
circuit 3 and the inverter circuit 4d. The second voltage
detector 14 detects an inter-terminal voltage of the sec-
ond smoothing condenser 33.
[0045] The discharge controller 111 uses the first and
second voltage detection signals to detect whether or not
a fault of the exclusive discharge circuit 12 exists. The
discharge controller 111 discharges the smoothing con-
densers 9 and 33 through the exclusive discharge circuit
12 if a fault of the exclusive discharge circuit 12 has not
occurred, and discharges the smoothing condensers 9
and 33 through the upper and lower arms 31 a and 31b
of the voltage booster circuit 3 and the upper and lower
arms 41a and 41b of the inverter circuit 4 if the fault of
the exclusive discharge circuit 12 has occurred.
[0046] Hereinafter, an embodiment of a method in
which the discharge controller 111 detects the fault of
the exclusive discharge circuit 12 will be described. The
discharge controller 111 detects whether or not a fault
exists in the exclusive discharge circuit 12 based on a
fault detection time Tc and a target value Vc. The fault
detection time Tc indicates a predetermined time after a
preset forced discharge starts. The target value Vc is a
target value of the inter-terminal voltage of the second
smoothing condenser 33 after the fault detection time Tc
elapses. The discharge controller 111 detects that a fault

of the exclusive discharge circuit 12 exists if discharge
to the target value Vc does not occur within the fault de-
tection time Tc.
[0047] Because the inter-terminal voltage of the sec-
ond smoothing condenser 33 is greater than that of the
first smoothing condenser 9, and the inter-terminal volt-
age of the second smoothing condenser 33 decreases
first by the forced discharge start, the inter-terminal of
the second smoothing condenser 33 may be used to de-
tect a fault.
[0048] For example, the inter-terminal voltages of the
second smoothing condenser 33 may be detected at pre-
determined time intervals (e.g., 0.1 second intervals) until
the fault detection time Tc elapses. A fault may be deter-
mined to exist depending on whether the inter-terminal
voltage can be discharged to the target value Vc.
[0049] In this case, the target value Vc of the inter-
terminal voltage after the fault detection time Tc elapses
may be determined by an inter-terminal voltage vs. dis-
charge-time characteristic curve of the second smooth-
ing condenser 33 resulting from the forced discharge
start. Alternatively, the fault detection of the exclusive
discharge circuit 12 may be determined from variations
such as a decreasing rate, a decreasing amount, or the
like, of the inter-terminal voltage in the fault detection
time Tc.
[0050] FIGS. 2 and 3 illustrate a function of the dis-
charge controller 111 and a discharging process of the
power conversion system 100 through the smoothing
condensers 9 and 33 according to one embodiment.
[0051] First, the discharge controller 111 receives an
inverter halt signal from the inverter circuit 4. The inverter
halt signal may be received, for example, when an ignition
key of the vehicle is turned off or the power conversion
system 100 is halted by a fault (e.g., some defective con-
dition of the vehicle and/or one of its systems) or an ac-
cident such as a car crash (Sp1).
[0052] In addition, the discharge controller 111 re-
ceives a switch-off signal that indicates an off-operation
of the electrical circuit switches 8 when the power con-
version system 100 is halted (Sp2). Alternatively, the off-
operation of the electrical circuit switches 8 may be per-
formed by the discharge controller 111.
[0053] After the inverter halt signal and the switch-off
signal are received, the discharge controller 111 starts
discharging the smoothing condensers 9 and 33 through
the exclusive discharge circuit 12 (Sp3). For example,
the discharge controller 111 simultaneously outputs a
driving command signal (control signal) for turning on
only the upper arm 31a of the voltage booster circuit 3,
while outputting a driving command signal (control signal)
for turning on the semiconductor switch element 122 to
the driving circuit 123 of the exclusive discharge circuit
12. Accordingly, the charges in the first and second
smoothing condensers 9 and 33 are discharged through
the resistor 121 of the exclusive discharge circuit 12.
[0054] The second smoothing condenser 33 has the
greater inter-terminal voltage, and is discharged first
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through the exclusive discharge circuit 12. The first and
second smoothing condensers 9 and 33 are discharged
together after the inter-terminal voltage of the second
smoothing condenser 33 is equal to that of first smoothing
condenser 9.
[0055] The discharge controller 111 receives the volt-
age detection signals from the respective voltage detec-
tion units 13 and 14 at the same time, when starting dis-
charge through the exclusive discharge circuit 12. The
discharge controller 111 determines whether or not a
fault of the exclusive discharge circuit 12 exists depend-
ing on whether the inter-terminal voltage can be dis-
charged to the target value Vc within the fault detection
time Tc (Sp4). For example, the discharge controller 111
detects a fault of the exclusive discharge circuit 12 if the
inter-terminal voltage of the second smoothing condens-
er 33 is not discharged to the target value Vc within the
fault detection time Tc.
[0056] The discharge controller 111 continues dis-
charging if the inter-terminal voltage of the second
smoothing condenser 33 can be discharged to the target
value Vc within the fault detection time Tc, e.g., if the fault
of the exclusive discharge circuit 12 has not occurred.
The discharge controller 111 terminates discharging
when the inter-terminal voltage reaches a predetermined
safety voltage, e.g., the target value Vd, within an allowed
discharge time Td (Sp5).
[0057] In contrast, the discharge controller 111 starts
discharging the smoothing condensers 9 and 33 through
the voltage booster circuit 3 if the inter-terminal voltage
of the second smoothing condenser 33 is not discharged
to the target value Vc within the fault detection time Tc,
e.g., if a fault of the exclusive discharge circuit 12 has
occurred (Sp6). For example, as shown in FIG. 3, the
discharge controller 111 outputs a driving command sig-
nal (control signal) for simultaneously turning on the up-
per and lower arms 31a and 31b of the voltage booster
circuit 3 and/or the upper and lower arms 41a and 41b
of the inverter circuit 4. Accordingly, the stored charges
in the second and first smoothing condensers 33 and 9
are discharged through parasitic resistance components
of the upper and lower arms 31a and 31b and/or the
upper and lower arms 41a and 41b.
[0058] The second smoothing condenser 33 has the
greater inter-terminal voltage and is discharged first
through the voltage booster circuit 3. The first and second
smoothing condensers 9 and 33 are discharged together
after the inter-terminal voltage of the second smoothing
condenser 33 is equal to that of the first smoothing con-
denser 9.
[0059] Discharging through the upper and lower arms
41a and 41b of the inverter circuit 4 may simultaneously
turn on all the upper and lower arms 41a and 41b of the
three-phase bridge circuits 4u, 4v, and 4w, or the upper
and lower arms 41a and 41b of any single phase bridge
circuit.
[0060] Similar to discharging through the exclusive dis-
charge circuit 12 described above, together with the start-

ing discharging through the voltage booster circuit 3, the
discharge controller 111 receives the voltage detection
signals from the respective voltage detection units 13
and 14, and detects whether or not a fault of discharging
through the voltage booster circuit 3 and the inverter cir-
cuit 4 occurs depending on whether the inter-terminal
voltage can be discharged to a target value Vc’ within a
fault detection time Tc’ (Sp7).
[0061] The fault detection time Tc’ and the target value
Vc’ of discharging through the voltage booster circuit 3
and the inverter circuit 4 may be the same as or different
from the fault detection time Tc and the target value Vc
of the discharging through the exclusive discharge circuit
12.
[0062] The discharge controller 111 detects the fault
of the discharging through the voltage booster circuit 3
and the inverter circuit 4 depending on whether or not
the inter-terminal voltage of the first smoothing condens-
er 9 can be discharged to a target value Vc1’ within a
fault detection time Tc1’, and whether or not the inter-
terminal voltage of the second smoothing condenser 33
can be discharged to a target value Vc2’ within a fault
detection time Tc2’.
[0063] The discharge controller 111 continues dis-
charging if the inter-terminal voltages of the smoothing
condensers 9 and 33 can be discharged to the target
value Vc’ within the fault detection time Tc’, e.g., if a fault
of discharging through the voltage booster circuit 3 has
not occurred. The discharge controller 111 terminates
discharging after being discharged to the target value Vd
within the allowed discharge time Td, e.g., the safety volt-
age (Sp8).
[0064] The fault detection time Tc of the exclusive dis-
charge circuit 12, the fault detection time Tc’ of the dis-
charging through the voltage booster circuit 3, and the
discharging time through the voltage booster circuit 3
may add to a value less than the allowed discharge time
Td.
[0065] Once a fault of the exclusive discharge circuit
12 is detected to perform the discharging through the
voltage booster circuit 3, the discharge controller 111 di-
rectly performs discharging through the voltage booster
circuit 3, while omitting detecting of the exclusive dis-
charge circuit 12.
[0066] In contrast, if one of the inter-terminal voltages
of the first or second smoothing condensers 9 and 33 is
not discharged to the target value Vc’ within the fault de-
tection time Tc’ (e.g., if the fault of the discharging through
the voltage booster circuit 3 has occurred), the discharge
controller 111 terminates discharging and notifies the
fault state of the discharging function of the power con-
version system 100, e.g., to a driver via a display, a
speaker, etc. in the vehicle (Sp9).
[0067] According to this embodiment of the vehicle
power conversion system 100, because the discharge
controller 111 detects a fault of the exclusive discharge
circuit 12, the discharge controller 111 allows the stored
charges of the smoothing condensers 9 and 33 to be
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discharged through the exclusive discharge circuit 12 as
usual if the fault of the exclusive discharge circuit 12 does
not occur. Thus, the respective inter-terminal voltages of
the smoothing condensers 9 and 33 can be discharged
to a safe value within a predetermined time.
[0068] In addition, when a fault of the exclusive dis-
charge circuit 12 has occurred, the discharge controller
111 can simultaneously turn on the upper and lower arms
31a and 31b of the voltage booster circuit 3 and the upper
and lower arms 41a and 41b of the inverter circuit 4.
Thus, the stored charges in the smoothing condensers
9 and 33 are discharged through the parasitic resistance
components of the voltage booster circuit 3 and the in-
verter circuit 4, and the inter-terminal voltages of the
smoothing condensers 9 and 33 are decreased to the
predetermined safe value within the predetermined time.
[0069] Because the upper and lower arms 31a and 31b
of the voltage booster circuit 3 and the upper and lower
arms 41a and 41b are used, no additional circuit or part
is required. Also, the stored charges of the smoothing
condensers 9 and 33 can be discharged through the ex-
isting circuit, and the discharging function of the smooth-
ing condensers 9 and 33 can be redundantly provided.
[0070] In addition, when a fault of the exclusive dis-
charge circuit 12 has occurred, the discharge controller
111 may discharge the stored charges from the smooth-
ing condensers 9 and 33 through a maximum of four re-
dundant discharge devices or paths.
[0071] For example, the stored charges may be dis-
charged through (1) a redundant discharge device or
path using the upper and lower arms 31a and 31b of the
voltage booster circuit 3, (2) the upper and lower arms
41a and 41b of the bridge circuit 4u of the inverter circuit
4, (3) the upper and lower arms 41a and 41b of the bridge
circuit 4v of the inverter circuit 4, and (4) the upper and
lower arms 41a and 41b of the bridge circuit 4w of the
inverter circuit 4.
[0072] In an alternative embodiment, the discharge
controller 111 may detect a fault of the exclusive dis-
charge circuit 12 using the inter-terminal voltage of the
second smoothing condenser 33, using the inter-terminal
voltage of the first smoothing condenser 9, or both of the
inter-terminal voltages of the first and second smoothing
condensers 9 and 33. In this case, the discharge control-
ler 111 may detect a fault after the inter-terminal voltage
of the first smoothing condenser 9 is equal to that of the
second smoothing condenser 33.
[0073] Alternatively, the motor driving power system
S2 may have a configuration in which the voltage booster
circuit 3 is not included and the DC main power supply
2 is directly connected to the inverter circuit 4. In this
case, when a fault of the exclusive discharge circuit 12
has occurred, the discharge controller 111 may simulta-
neously turn on the upper and lower arms 31a and 31b
of the voltage booster circuit 3 and the upper and lower
arms 41 a and 41b of the inverter circuit 4. As a result,
the stored charges in the smoothing condensers 9 and
33 are discharged through the parasitic resistance com-

ponents of the voltage booster circuit 3 and the inverter
circuit 4.
[0074] Accordingly, even if the voltage booster circuit
3 is not included, the inter-terminal voltages of the
smoothing condensers 9 and 33 may be decreased to a
predetermined safe value within the predetermined time.
[0075] Alternatively, the motor driving power system
S2 may be configured such that it is not installed with the
exclusive discharge circuit 12. In this case, the discharge
controller 111 performs the control sequences after op-
eration Sp6 while omitting operations Sp1 to Sp5. Ac-
cordingly, even if the motor driving power system S2 is
not installed with the exclusive discharge circuit 12, the
discharge controller 111 may discharge the stored charg-
es from the smoothing condensers 9 and 33.
[0076] Alternatively, as shown in FIG. 5, a plurality of
voltage booster circuits 3 may be simultaneously con-
nected in parallel with the DC main power supply 2, while
each of the parallel-connected voltage booster circuits 3
may be independently provided with the driving circuit 34.
[0077] When a fault occurs in at least one of the voltage
booster circuits 3, the control circuit 11 outputting the
control signal to the driving circuit 34 may be configured
to halt the operation of the faulty voltage booster circuit
3, set a power control value according to the number of
the remaining normal voltage booster circuits 3, and con-
trol the remaining normal voltage booster circuits 3 and
the inverter circuit 4 according to the power control value.
Because the plurality of voltage booster circuits 3 are
installed in parallel, redundancy of the power conversion
system 100 may be improved.
[0078] In such a configuration without an alternator,
because the plurality of voltage booster circuits 3 are
installed in parallel, reliable power supply to the DC main
power supply 2, the auxiliary device 6 of the electric ve-
hicle 6, and the DC auxiliary power supply 7 are guaran-
teed.
[0079] Further, the plurality of voltage booster circuits
3 are installed in parallel. Thus, the current may be dis-
tributed to each of the voltage booster circuits 3. As a
result, efficiency enhancement (such as the high-efficien-
cy voltage booster circuits 3), reduced size, and longer
lifespan of the parts may be achieved.
[0080] When a fault occurs in at least one of the voltage
booster circuits 3, the discharge controller 111 may set
a power limiting value according to the number of remain-
ing normal voltage booster circuits 3, and may control
the remaining normal voltage booster circuits 3 and the
inverter circuit 4 according to the power limit value. As a
result, power-limited operation of the motor generator 5
may continue to charge regenerative power to the DC
main power supply 2, the auxiliary device 6 of the vehicle,
and the DC auxiliary power supply 7 even after some of
the voltage booster circuits 3 fail. Accordingly, a limp-
home mode system may be implemented, thereby mak-
ing it possible to safely evacuate a driver by allowing the
driver to take the vehicle to a repair shop.
[0081] In addition, because the smoothing condensers
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33 are installed at output terminals of the parallel-con-
nected voltage booster circuits 3, each smoothing con-
denser 33 may function as the smoothing condenser to
the input terminals of inverter circuit 4.
[0082] As described above, because the smoothing
condensers 33 are installed at output terminals of the
parallel-connected voltage booster circuits 3, a ripple cur-
rent may be reduced by the current distribution in charg-
ing/discharging the smoothing condenser 33 when re-
ceiving/transmitting power from/to the inverter circuit 4.
Also, a reduced size of the smoothing condenser 33 or
reduction in power loss thereof may be achieved, and
performance may be improved.
[0083] Alternatively, the number of redundant dis-
charge devices or paths may be increased according to
the increased number of voltage booster circuits 3.
[0084] By way of summation and review, discharge cir-
cuits may be used in an electric vehicle to forcibly dis-
charge the stored charges in a smoothing condenser
through a resistor. For example, as illustrated in FIG. 4,
an exclusive discharge circuit connects a resistor and a
semiconductor switch element, which is connected be-
tween the electrodes of a main circuit. A switch for open-
ing/closing an electrical circuit connected to output ter-
minals of a DC main power supply is then blocked. Then,
a switch element of a discharge circuit is turned on to
forcibly discharge stored charge of the smoothing con-
denser through a resistor.
[0085] However, when the discharge circuit fails, the
forced discharge of the smoothing condenser is not per-
formed and the inter-terminal voltage of the smoothing
condenser may maintain an unsafe, high-voltage level,
even after the predetermined time has elapsed.
[0086] In accordance with one or more of the afore-
mentioned embodiments, an electric vehicle power con-
version system includes a discharge circuit that can re-
liably discharge stored charges from a smoothing con-
denser, even when a primary discharge circuit fails.
[0087] Example embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. In
some instances, as would be apparent to one of skill in
the art as of the filing of the present application, features,
characteristics, and/or elements described in connection
with a particular embodiment may be used singly or in
combination with features, characteristics, and/or ele-
ments described in connection with other embodiments
unless otherwise indicated. Accordingly, it will be under-
stood by those of skill in the art that various changes in
form and details may be made without departing from
the scope of the present invention as set forth in the fol-
lowing claims.

Claims

1. An electric vehicle power conversion system, com-

prising:

a motor driving power system to output a DC
voltage from a DC main power supply to a motor
generator through an inverter circuit; and
a control circuit for controlling the motor driving
power system, wherein:

the motor driving power system includes a
smoothing condenser for smoothing the DC
voltage, a resistor, and a semiconductor
switch element connected in series,
the motor driving power system includes an
exclusive discharge circuit to discharge
stored charge from the smoothing condens-
er,
the control circuit includes a discharge con-
troller to simultaneously turn on a first set
of upper and lower arms when a failure of
the exclusive discharge circuit is detected,
the upper and lower arms including power
semiconductors of the inverter circuit, and
the discharge controller is adapted to dis-
charge the stored charge from the smooth-
ing condenser through parasitic resistance
components of the upper and lower arms.

2. A system as claimed in claim 1, wherein the dis-
charge controller is adapted to detect the failure of
the exclusive discharge circuit depending on wheth-
er or not an inter-terminal voltage of the smoothing
condenser is able to be discharged to a target voltage
within a predetermined time.

3. A system as claimed in claim 1 or 2, wherein:

the motor driving power system is adapted to
output the DC voltage from the DC main power
supply to the motor generator through a voltage
booster circuit and the inverter circuit;
the discharge controller is adapted to simulta-
neously turn on a second set of upper and lower
arms when a failure of the exclusive discharge
circuit is detected, the second set of upper and
lower arms including serial-connected power
semiconductors of the voltage booster circuit, or
to simultaneously turn on the first set of upper
and lower arms including power semiconductors
of the inverter circuit, and
the discharge controller is adapted to discharge
the stored charge from the smoothing condens-
er through parasitic resistance components of
the second set of upper and lower arms of the
voltage booster circuit or the first set of upper
and lower arms of the inverter circuit.

4. A system as claimed in claim 3, wherein the smooth-
ing condenser includes a first smoothing condenser
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between the DC main power supply and the voltage
booster circuit, and a second smoothing condenser
between the voltage booster circuit and the inverter
circuit.

5. An apparatus, comprising:

an input coupled to a circuit; and
a controller for controlling discharge of a
smoothing condenser based on at least one sig-
nal received through the input, the at least one
signal indicating failure of a discharge circuit
configured to discharge the smoothing condens-
er, the controller being adapted to control dis-
charge of stored charge in the smoothing con-
denser through parasitic resistance compo-
nents of a power system which includes the
smoothing condenser.

6. Apparatus as claimed in claim 5, adapted such that
the failure of the discharge circuit prevents the dis-
charge circuit from discharging the smoothing con-
denser.

7. Apparatus as claimed in claim 5 or 6, wherein the
input is an input of the controller.

8. Apparatus as claimed in claim 5, 6 or 7 wherein the
controller is adapted to detect the failure from the
signal when an inter-terminal voltage of the smooth-
ing condenser is unable to be discharged to a target
voltage within a predetermined time.

9. Apparatus as claimed in one of claims 5 to 8, wherein
the parasitic resistance components are included in
a voltage booster circuit or in a inverter circuit.

10. Apparatus as claimed in one of claims 5 to 9, wherein
the controller is adapted to control discharge of the
stored charge in the smoothing condenser inde-
pendently from the discharge circuit having the fail-
ure.

11. Apparatus as claimed in one of claims 5 to 10, where-
in the controller is adapted to control discharge of
the stored charge in the smoothing condenser along
a signal path that bypasses the discharge circuit.

12. Apparatus as claimed in one of claims 5 to 11, where-
in the power system is a motor driving power system
of a vehicle.

13. Apparatus as claimed in one of claims 5 to 12, where-
in the circuit is a detector or an inverter.

14. An apparatus, comprising:

a first discharge circuit;

a second discharge circuit; and
a controller controlling discharge of a charge
storage device through one of the first discharge
circuit or the second discharge circuit, wherein
the controller is adapted to control discharge of
the charge storage device through the first dis-
charge circuit when the first discharge circuit
does not have a failure and to control discharge
of the charge storage device through the second
discharge circuit when the first discharge circuit
has a failure, and wherein the charge storage
device is discharged through the second dis-
charge circuit along a path that bypasses the
first discharge circuit.

15. Apparatus as claimed in claim 14, wherein the
charge storage device is a smoothing condenser.

16. Apparatus as claimed in claim 15, wherein the con-
troller is adapted to determine that the first discharge
circuit has a failure when an inter-terminal voltage
of the smoothing condenser is unable to be dis-
charged through the first discharge circuit to a target
voltage within a predetermined time.

17. Apparatus as claimed in claim 15 or 16, wherein the
controller is adapted to detect the failure of the first
discharge circuit when an inter-terminal voltage of
the smoothing condenser is unable to be discharged
to a target voltage within a predetermined time.

18. Apparatus as claimed in claim 14, 15, 16 or 17 where-
in the second discharge circuit includes parasitic re-
sistance components of a power system, and where-
in the charge storage device is discharged through
the parasitic resistance components of the second
discharge circuit when the first discharge circuit has
a failure.

19. Apparatus as claimed in claim 18, wherein the par-
asitic resistance components are included in a volt-
age booster circuit.

20. Apparatus as claimed in one of claims 14 to 19,
wherein the charge storage device is coupled to a
motor of an electric vehicle.
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